Transpiration cooling and liquid metals both provide highly effective heat transfer. Using Darcy 1 s law in porous media, and the inviscid approximation for liquid metals, the local fluid velocity in these flows equals the gradient of a potential. The energy equation and flow region are simplified when transformed into potential plane coordinates. In these coordinates the present problems are reduced to heat conduction solutions which are mapped into the physical geometry. Results are obtained for a porous region with simultaneously prescribed surface temperature and heat flux, heat transfer in a two-dimensional porous bed, and heat transfer for two liquid metal slot jets impinging on a heated plate.
Transpiration cooling and liquid metals both provide highly effective heat transfer. Using Darcy 1 s law in porous media, and the inviscid approximation for liquid metals, the local fluid velocity in these flows equals the gradient of a potential. The energy equation and flow region are simplified when transformed into potential plane coordinates. In these coordinates the present problems are reduced to heat conduction solutions which are mapped into the physical geometry. Results are obtained for a porous region with simultaneously prescribed surface temperature and heat flux, heat transfer in a two-dimensional porous bed, and heat transfer for two liquid metal slot jets impinging on a heated plate. half-spacing between jets, m Dimensionless temperature, (t -t^kjj/ qg2b for porous region with free surface, (t -tooJk/^w 213 In connection with advanced power producing devices, the heat transfer engineer must contend with high heat fluxes arising from increasing temperatures of working fluids to raise thermal efficiency, or from high operating temperatures required in devices such as fusion reactors. Two means of effective cooling are transpiration-cooled porous walls and liquid metal coolants. A common feature of these flows is that locally the fluid velocity is equal to the gradient of a velocity potential. This is true for Darcy flow in porous media, and for the inviscid flow approximation in liquid-metal heat transfer analyses. As a consequence the energyequation acquires a simplified form when transformed into a "natural" system of potential and streamline coordinates. For the present problems the solutions in the potential plane are reduced to heat conduction solutions which are mapped into the physical system.
The use of the potential plane was developed for two-and three-dimensional porous cooling in [1] and [2] , and for liquid metal heat transfer for flow across cylinders in [3] . The technique is further developed here to obtain: (l) the shape of a two-dimensional porous region to provide a desired surface temperature for a specified surface heat flux, (2) the heat transfer for a two-dimensional porous bed with specified boundary temperatures, and (3) the temperature distribution on a uniformly heated plate cooled by impinging liquid metal jets.
ANALYSIS
• ' - Figure 1 shows a two-dimensional porous region with coolant supplied through a slot. The upper surface receives a uniform heat flux and is to be main-, tained at a specified temperature. The shape of the surface is to be found to meet these restrictions. The geometry is in dimensionless form in Fig. 4 (a) and, as will be discussed, maps into potential plane coordinates as shown in Fig. 4 (b). Figure 2 shows a porous region between solid walls S]_ and Sg with specified temperature distributions. It is desired to obtain the total heat transferred to the flow. Figure 5 shows the dimensionless form and the mapping into the potential plane. The third situation analyzed is the impingement heat transfer of the parallel liquid metal, slot jets in Fig, 3 . The dimensionless form and mapping into the potential plane are in Fig. 6 .
Governing Equations
The solutions obtained here are for constant prop-
COOLANT RESERVOIR, p., ta) erties. For heat transfer in a porous medium it is assumed that the coolant and porous matrix are in sufficiently good thermal contact that locally they are at a common temperature. With these limltar tions the heat transfer in the porous medium or jet is governed by the continuity and energy equations,
In the porous medium the velocity is governed by Darcy's equation, u = -(<c/u)VP (3) while in the liquid metal flow (assumed irrotational and invi'scid) the velocity can be written as the gradient of a potential 
Boundary Conditions
The thermal boundary conditions are discussed in relation to each problem so only the pressure boundary conditions are given now. The static pressure drop as the fluid accelerates from the reservoir to the coolant inlet is usually small conpared.with the pressure drop in the porous medium. Hence, along S 0 in Figs. 1 and 2 constant x,y on S Q (5) S is also at a specified P = P 0 = Poo The coolant exit face constant pressure p = p s = constant x,y on S
Similarly the inlet and outlet of the jet are at constant pressure. .
Equations and Boun^»ry Conditions in Dimensionless Form
Let F be the volume flow rate, per unit depth normal to the x,y plane, through the porous medium or in one of the jets. For the porous medium F is found in the analysis in terms of the pressure difference PQ -p g , while for the jet it is specified as 2bv 00 ( fig. 3 ). A characteristic velocity is F/2b as 2b is used as a reference length in Figs. 1 .and 2. Using dimensionless variables Eqs. (1), (2) , and (4) become
From the definitions of q> and 0, conditions (5) and (6) 
The impervious boundaries 23 and 56 in Fig. 4(a) , and S-, and S 2 in Leading Edge Region with Unknown Surface Shape
In Fig. 1 a porous leading edge region is held by tvo insulated supports. The upper surface is subjected to a uniform heat flux and it is desired to maintain this surface at a uniform temperature t g set by design considerations. By not having any portion of the surface below t s , the surface is not locally over cooled and coolant is not wasted. Thus the boundary conditions along S are both uniform heat flux and uniform temperature, and the shape of S is to be determined. Along the inlet face S 0 conservation of energy requires that any energy conducted out of the porous medium be acquired by the incoming fluid. Summarizing these conditions: fhe boundary conditions for $ are summarized in Fig. 4(a) and from Eq. (12) <D is a solution to Laplace 1 s equation. The shape of surface S has to be determined such that 0 will be constant and have a-constant normal derivative along S. As shown in [4] and [5] this type of heat conduction problem can be solved by conformal mapping by using an auxiliary potential derivative plane. The freezing problem [4] depends on the same boundary value problem as the present case. The conformal transformations are given in [4] for mapping Fig. 4(b) into 4(a); to apply these results here requires only a change in notation. Results are given in Fig. 7 .
Two-Dimensional Heat Transfer in Porous Bed
When the porous bed in Fig. 5(a) is mapped into Fig. 5 The F is obtained from Eq. (15) by using the <t> s found in the mapping.
Heat Transfer for Two Impinging Jets As given in [7] the impinging jet in Fig. 6 (a) maps into the potential region in Fig. 6(b This must be transformed into the potential plane. The boundary conditions aje^ summarized in Fig. 6(b Fig. 8 .
DISCUSSION
The shapes of a porous cooled region are shown in Fig. 7(a) that simultaneously satisfy the conditions of uniform heat flux and temperature along the coolant exit face. -The governing parameter involves the overall temperature and pressure differences, and the surface heat flux. If the allowable surface temperature t is increased, less coolant flow is required. The region thickness is increased thereby reducing the flow since the pressure difference is fixed. If the surface flux q s is increased, a greater flow .is required which corresponds to a thinner region. The coolant flow is given in Fig. 7(b) . Figure 8 shows the temperature distribution along a uniformly heated plate for two impinging slot Jets (from symmetry only half the geometry is shown). The surface temperature goes toward infinity as the velocity approaches zero in the backflow region at x = 0; this is a consequence of neglecting heat conduction along the streamlines (see Fig. 8 of [3] ). 
